BEHAVIOR OF DESERT HETEROMYIDS!

0. J. Reichman’

ABSTRACT.— Activity patterns of desert heteromyids are characteristic of many nocturnal rodents, with a peak of
activity near dusk and a second prior to dawn. Seasonal activity varies with environmental conditions, going from ac-
tivity throughout the winter in larger species to extended periods of torpor by smaller pocket mice. The rodents for-
age primarily for seeds, with pocket niice tending to feed under shrubs and on relatively low-density seed patches
and kangaroo rats frequently foraging in the open for relatively high-density seed patches. The animals are usually
solitary, with aggression exhibited between and within species. Burrow construction can be simple to extensive.
Communication occurs visually, with odor (especially at sand bathing sites), and with sound (drumming). Reproduc-
tive behaviors are characterized by brief courtships and copulation. Subsequent maternal behavior includes nursing,
grooming, and other forms of general maintenance. Individuals spend considerable time autogrooming, presumably
to enhance temperature regulation and reduce parasite attack. Although many of the behavioral patterns seen in
heteromyids are similar to other rodents, locomotory and auditory specializations appear to yield behaviors charac-
teristic of the group of rodents.

Observational and anecdotal information conditions (e.g., with light-amplifying de-
pertinent to heteromyid behavior is present vices). The rodents also are ammenable to
in the literature beginning around the turn of laboratory manipulation and observation, al-
the century. Although these early pieces of though breeding these rodents in the labora-
information are valuable in themselves, they tory is difficult. In addition, the seeds the ro-
offer no coherent view of behaviors across dents eat are particulate and thus relatively
geographic or taxonomic boundaries. The easy to quantify and analyze in studies of diet
landmark work of Eisenberg (1963) provided choice and foraging. With these distinctive
a turning point, and much of the work on features in mind, I will discuss heteromyid
heteromyid behavior since that time has used activity patterns, foraging, spacing, territo-
heteromyids as tools to answer questions of a  riality and aggression, reproduction, anti-
more general and conceptual nature. predator behavior, burrow construction, sen-

Although heteromyids suffer from many of sory abilities, and personal care. When I
the same problems other mammals do for be- mention heteromyids in the context of some
havioral studies (e.g., nocturnal activity and specific behavior, it is not to imply that all
subterranean burrows and nests), they do of- heteromyids exhibit that behavior. Readers
fer some distinctive benefits. For example, all ~ should note the citations and recognize that
heteromyids possess external fur-lined cheek the generalizations actually refer to the spe-
pouches that are used during foraging for cific animals studied by the authors cited.
gathering seeds. Thus, whereas most animals
eat their food as they collect it, heteromyids
have separate collecting and ingesting behav- Activity patterns are usually inferred from
iors. Also, some heteromyids (kangaroo rats the number of individuals in a population ac-
and kangaroo mice) exhibit a distinctive sal- tive during specific times of a diel or annual
tatorial bipedal locomotion important for cycle. This should probably be considered a
foraging and/or predator avoidance behav- population phenomenon and I will concen-
iors. The deserts inhabited by heteromyids trate on what aspects of the environment
tend to be relatively open, allowing observa- might generate those patterns and briefly dis-
tion of these types of activities under special ~ cuss torpor and its use.
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In general, heteromyids respond to pre-
dictable daily and seasonal cyclical patterns
in their environments as well as specific pre-
dietable weather phenomena. Heteromyids
are primarily nocturnal (Kenagy 1973a,
Lockard 1978, Reichman and Van De Graaff
1973), although diurnal activity is occasion-
ally noted. Relatively high winds or precipi-
tation can decrease or halt normal nocturnal
activity (Kenagy 1973a, Lockard 1978). On
two occasions I have noted, after an evening
thunderstorm, that all wet individuals in
traps were juveniles and all the adults were
dry, suggesting that adults did not come out
to forage until after evening rains. There is
conflicting evidence for moonlight avoidance
in heteromyids. Kenagy (1976a) and Schroder
(1979) noted no moonlight avoidance in
kangaroo rats, but Kaufman and Kaufman
(1982) and Lockard and Owing (1974) sug-
gest they do avoid moonlight. It should be
noted that these studies were in different
areas on different species. Evidence pre-
sented by Lockard (1978) may provide an ex-
planation of the disparity in the other re-
ports. He suggests that Dipodomys spectabilis
may avoid moonlight, presumably because of
increased susceptibility to predation, during
times of the year when food is abundant, but
be forced into periods of moonlight activity
when resources are scarce. Rosenzweig
(1974) presents a conceptual explanation for
this phenomenon.

Various aspects of heteromyid activity re-
late to temperature and rainfall (French
1975, Kenagy 1973a, 1976a). Reichman and
Brown (1979) elaborate on these aspects of
activity and note, along with Brown and Bar-
tholomew (1969), that the amount of food is
also important in determining above-ground
activity. When temperature or food avail-
ability is low (usually in the winter; French
1976), small heteromyids will tend to go into
or stay in torpor for extended periods of time
(perhaps up to 5 months; Reichman and Van
De Graaff 1973). Apparently, larger hetero-
myids (approximately 18g +) rarely use tor-
por (Bartholomew and MacMillen 1961, Eis-
enberg 1963, Freneh 1976, Kenagy 1973a,
O’Farrell 1974, 1980). Whereas small homeo-
therms are probably more affected by cold
temperatures than large ones, the larger spe-
cies may be more affected by heat. Reichman
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and Van De Graaff (1973) noted that during
one extremely hot summer, activity of indi-
vidual kangaroo rats was reduced but pocket
mice remained active.

Two miscellaneous features of heteromyid
activity need to be mentioned. Schmidley
and Packard (1967) noted that four species of
pocket mice could swim by treading water
for approximately one minute before becom-
ing exhausted, floating, eventually losing
coordination, and drowning. Stoek (1972)
found that nine species of kangaroo rats were
“good” swimmers in artificial ponds and
aquaria. Finally, Kenagy and Enright (1980)
show that the activity of D. merriami in the
laboratory was depressed for five days prior
to a large earthquake, especially in the pre-
midnight phase. This reduced activity
abruptly disappeared the night after the
earthquake.

Foracing

Desert heteromyids are primarily gra-
nivorous (Bradley and Mauer 1971, Brown et
al. 1979, Reichman 1975, 1978), although
they may seasonally ingest large quantities of
green vegetation and inseets. One study sug-
gests that as individual kangaroo rats encoun-
ter water stress by eating too many high-
protein mesquite seeds, they switch to eating
the herbaceous seed pods (Schmidt Nielson et
al. 1948). Many species of heteromyids can
apparently go without drinking free water
for long periods of time, supporting them-
selves on metabolic water from food items
(see MacMillen, this volume). Eisenberg
(1963) noted that young heteromyids eat sol-
id food from the time their incisors erupt.

There are important exceptions to the spe-
cialized granivory exhibited by heteromyids.
Kenagy (1972, 1973b) detailed the use of salt-
bush leaves (Atriplex) by Dipodomys microps.
Individuals of this species use their chisel-
shaped teeth to strip away the salt-laden epi-
dermis of the Atriplex leaves before ingesting
them. Csuti (1979) noted a similar behavior
and suggested that it was innate because indi-
viduals from areas without saltbush devel-
oped the behavior as juveniles as quickly as
those from areas where saltbush was preva-
lent, but Dipodomys ordii never learned the
leaf-stripping behavior. Reichman (1975,
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1978) and Tappe (1941) noted the high use of
insects seasonally, and Vorhies and Taylor
(1922) report an observation of a kangaroo
rat chasing and catching a moth. Kenagy and
Hoyt (1980) report the reingestion of feces by
D. microps and show that the animals differ-
entially ingest those fecal pellets that are rel-
atively low in inorganic ions and relatively
high in nitrogen and moisture.

The diets of heteromyids apparently affect
other behaviors. For example, several authors
have noted the relationship between the in-
gestion of green vegetation and subsequent
reproduction (Kenagy and Bartholomew
1981, Reichman and Van De Graaff 1975,
Van De Graaff and Balda 1973). There also is
apparently a relationship between the inges-
tion of ants by heteromyids and subsequent
infection by alimentary canal helminths, al-
though the effect of this infection on individ-
uals is unclear (Garer et al. 1976).

One of the most striking aspects of the for-
aging behavior of desert heteromyids is the
short length of time they actually spend
above ground searching for food. Schreiber
(1973) reports total foraging times of up to
five hours per night for P. parvus, although
most other reports are for significantly short-
er periods. Kenagy (1973) reports total times
averaging one hour, which includes time
spent in the burrow on return trips. The short
amount of time spent foraging is less striking
when it is recognized that seeds are a rela-
tively rich resource that can occur in high-
density patches (Reichman and Oberstein
1977). A parameter that is perhaps more sig-
nificant ecologically than simple total for-
aging time is the time spent at each foraging
stop (time in a patch) and the time (and dis-
tance) between patches. Bowers (1982) noted
that in a three-species community the small-
est pocket mice exhibited the shortest times
within and between patches, and kangaroo
rats had the longest times for both. An
intermediate-sized pocket mouse was also in-
termediate in these two time parameters.
Thompson (1984) also found that the relative-
ly larger bipeds spend more time stopped,
and travel longer distances between stops,
than the smaller quadrupeds.

Another distinctive feature of desert heter-
omyid foraging is the bipedal hopping of the
kangaroo rats (Bartholomew and Caswell
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1951) and kangaroo mice. This contrasts with
the quadrupedal locomotion of the pocket
mice (Bartholomew and Cary 1954). Signifi-
cantly, almost no overlap in body size occurs
between the quadrupedal pocket mice and
bipedal kangaroo rats, although kangaroo
mice are small and the quadrupedal P. his-
pidis approaches the size of some of the
smallest kangaroo rats. Currently some ques-
tion over the adaptive significance of these
different locomotory techniques exists; this
will be discussed later by Price and Brown
(this volume).

There are indications that some desert het-
eromyids climb occasionally or extensively.
Kenagy (1972) details the climbing of D. mi-
crops in saltbushes to obtain leaves, and Ro-
senzweig and Winakur (1969) suggest that
there may be a vertical component to hetero-
myid foraging. I have observed large D. spec-
tabalis climbing in Ephedra to harvest flow-
ers, but did not find heteromyids climbing in
bushes in an earlier study (Reichman 1979).

There seems to be an inverse relationship
between the size of a heteromyid species and
the distance it travels while foraging during a
night (Bowers 1982, Thompson 1982a,b, and
in review). This is true for both average dis-
tance between stops and total distance
through the night. Thompson (1982a, 1984)
reports average distances between foraging
stops of 7.52 m, 5.02 m, and 2.65 m for D.
deserti, D. merriami, and P. longimembris, re-
spectively. I have observed individual D.
merriami moving up to 45 m before stopping
to forage, and other authors have observed
similar distances (Bowers 1982, Thompson
1982a,b). Schroder (1979) found that adult D.
spectabilis spent less than 22 percent of their
time more than 6 m from their burrows, but
that they average 68 m per foraging trip, and
total 350 m per night in foraging travels. Ke-
nagy (1973a) reported a maximum running
speed for a kangaroo rat being chased as 32
kph, and I have calculated speeds of 16 kph
in the field for individual D. merriami forag-
ing freely (i.e., not being chased). Average
foraging speeds are probably significantly less,
as Thompson (1984) reports mean speeds in
transit of 6.28, 3.27, and 1.76 kph for D.
deserti, D. merriami, and P. longimembris,
respectively.
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Once an animal begins to forage, a number
of senses apparently play roles in detecting
seeds. Generally, heteromyids seem to be
very aware of their surroundings, perhaps us-
ing vision to orient and note changes in their
local environment (Hall 1946), although
Reichman and Oberstein (1977) did not find
visual cues to be important in laboratory
studies of foraging. Once general areas for
foraging are located and entered, olfaction
probably becomes important for seed detec-
tion. Reichman and Oberstein (1977) found
that kangaroo rats in a laboratory experiment
were able to detect seeds to a depth of up to
20 cm, and the authors present a regression
equation for the relationship between seed
detection by captive kangaroo rats and the
depth/size of a buried packet of seeds. Lock-
ard and Lockard (1971) and Reynolds (1958)
present information from the field dealing
with the accuracy of underground seed de-
tection, and Johnson and Jorgensen (1981)
suggest that soil moisture is important for
seed detection by olfaction. Reichman (1981)
discusses the nature of olfaction as a cue for
foraging heteromyids.

In an intriguing study, Lawhon and Hafner
(1981) show that tactile cues may be the final
sense used to judge the nature of a food item.
They found differences between species in
tactile abilities, and found that individuals
most often misjudged nonedible food items
that resembled edible items in shape or tex-
ture, regardless of weight or overall dimen-
sions. The tactile input discussed by Lawhon
and Hafner (1981) comes from actual touch-
ing with the forepaws, and is probably im-
portant and effective for an animal with its
eyes on top of its head. Eisenberg (1963) re-
ported another use of tactile senses involving
the long vibrissae of the rodents. He noted
that even rapidly running or hopping rodents
leave trails in the sand from their dragging
vibrissae, and he suggested that this assists
the animals in maintaining their balance
while running.

Once heteromyids find a seed or patch of
seeds, they excavate in a manner typical of
rodents, using the forepaws for the initial ex-
cavation and moving the soil to the rear,
where it is kicked out by the hind legs (Eisen-
berg 1963). Eisenberg alludes to the tactile
cues discussed by Lawhon and Hafner (1981)
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as he describes how the rodents then sift the
soil they have excavated for seeds. Kenagy
(1972) and Csuti (1979) describe other food
acquisition behaviors associated with
vegetation.

Once a food item is secured, a heteromyid
can either eat the item immediately or put it
in its cheek pouches for transport and stor-
age. This separates the gathering and eating
process and has important implications for
foraging. From my observation, a heteromyid
rarely eats an item at the collection site, but,
rather, pouches it and returns to the burrow.
Presumably, the burrow provides a more
equable environment in which to sort seeds
than does the surface, which is hotter (or
colder in winter), drier, and rich in predators.
Reichman (1977) has shown that although
heteromyids do not apparently gather food
into their pouches in the exact proportions
available, a more diverse sample of seeds is
found in the pouches than ingested, sugges-
ting that the rodents do gather items they do
not subsequently ingest. Animals without
cheek pouches would usually eat a food item
as it was obtained. Morton et al. (1980) show
that cheek pouch volume scales positively
with body mass in grams (volume of cheek
pouches in ¢cm?3 = 0.065 mass®®7). They also
suggest that a heteromyid could fulfill its to-
tal daily requirement with one full load of
seeds from its pouches. This, plus the obser-
vation that animals rarely are captured with
full pouches (Reichman 1978), presents a
puzzling question as to why individuals
would return to their burrows before filling
their pouches. Nickolai and Bramble (this
volume) offer an interesting explanation.

The husking of seeds is highly variable be-
tween species and individuals, although Ro-
senzweig and Sterner (1970) suggest that rel-
ative husking rates are a phenomenon that
might promote coexistence between sym-
patric heteromyid species. The authors show
that larger species husk more rapidly than
smaller species, but that the smaller species
are more efficient per gram of body weight.
Rosenzweig and Sterner (1970) used relative-
ly large domestic seeds and it is not known
how this relationship would extrapolate to
smaller, native seed species.

There are several additional foraging be-
haviors exhibited by desert heteromyids. Vor-
hies and Taylor (1922) suggest that individual
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heteromyids might rob the seeds stores of
other individuals. Tappe (1941) and Clark
and Comanor (1973) found that heteromyids
occasionally dig into ant mounds, presumably
to secure seeds. Heteromyids also eat many
insects (Reichman 1975, 1978), and I have
found cheek pouches full of headless ants.
These ants may have been “husked” to mini-
mize the probability that the consumer
would be bitten. One peculiar behavior noted
by Benson (1935) was that of a D. deserti
kicking sand over a novel food item placed
near a burrow by Benson.

One of the most intriguing aspects of het-
eromyid behavior is the caching of seeds.
Voorhies (1974) has found cached seeds asso-
ciated with fossil pocket mouse burrows that
are nearly 10 million years old, so it is an an-
cient behavior, perhaps associated with the
development of cheek pouches. Relatively
little is known about caching by pocket mice
(Blair 1937) or small kangaroo rats, but most
of the large kangaroo rat species are known
for their elaborate burrows in which they
store large quantities of seeds (Culbertson
1946, Hawbrecker 1940, Reynolds 1958,
Shaw 1934, Tappe 1941, Vorhies and Taylor
1922). Some species store on the surface as
well as below ground (D. heermani, Tappe
1941; D. ingens, Shaw 1934), but most store
seeds below ground. The piles are usually
sorted by species, even if they have been
gathered from mixed-species patches, and
some of the quantities are huge. Vorhies and
Taylor (1922) report caches of from 5 to 5750
gms for D. spectibalis, Shaw (1934) found
caches of from 1 to 8% quarts, and Tappe
(1941) found dozens of caches.

Eisenberg (1963) discusses caching by sev-
eral species in the laboratory and found a
possible tendency for females to cache more
than males. Lawhon and Hafner (1981) show
that pocket mice cache more of the seeds
available than kangaroo rats, and that hoard-
ing is greater in the fall and spring than in
the winter. Although little is known about
the underground regimes of cache manage-
ment and use, Kenagy (1973) noted that
kangaroo rats are quite active underground
during the 23 hours a day they are not above
ground foraging. Studies 1 have recently be-
gun with D. T. Wicklow reveal that approx-
imately 20 species of fungi can be found in

Brorocy oF DEsSERT RODENTS 81

the cheek pouches and cache environments
of these rodents, and that some of these fungi
could have important implication for cache
management behaviors.

The benefits of caching could include long-
term storage for periods of low production,
enhancing nutritional and/or moisture condi-
tions of the seeds, and protection of seeds
from robbing by other granivores.

Several aspects of heteromyid foraging be-
havior, as mediated through anatomy and
physiology, have been implicated in the com-
munity structure of the rodents (see Price and
Brown, this volume). Although much con-
troversy remains, most investigators agree
that the bipedal/quadrupedal relationships,
cheek pouches and seed storage, microhabitat
choice and use, and seed patch density selec-
tion are important behavioral components
that impinge on community structure. Reich-
man (1981) has suggested that the biped-
al/quadrupedal difference could help pro-
mote coexistence between kangaroo rats and
pocket mice, but this has recently been
brought into question by Thompson et al.
(1980), who have shown that bipedal locomo-
tion is no more energetically efficient than
quadrupedal locomotion for similar-sized in-
dividuals. Seed size selection behaviors have
been suggested as means of coexistence
(Brown 1975, Mares and Williams 1977), but
other authors have questioned the sufficiency
of this explanation (Lemen 1978, Smigel and
Rosenzweig 1974). Numerous studies have
suggested habitat selection as a means of co-
existence among sympatric heteromyids
(Lemon and Rosenzweig 1978, M’Closkey
1980, 1981, O’'Dowd and Hay 1980, Rosen-
zweig 1973, Rosenzweig and Sterner 1970,
Rosenzweig and Winakur 1969, Stamp and
Ohmart 1978, Thompson 1982a, b) and other
authors state that patch density selection is
important (Hutto 1978, Price 1978, Trombu-
lak and Kenagy 1980, Wondolleck 1978, but
see Frye and Rosenzweig 1980) and related
to both seed size selection and habitat selec-
tion through seed distribution (Reichman
1981, Reichman 1983, Reichman and Ober-
stein 1977). It is intuitive that all these behav-
jors could be, and probably are, important
components of community phenomena noted
in the heteromyids (Bowers and Brown 1982).
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Further research is mandatory before a cohe-
rent picture of the relative importance of
these behaviors, and the communities and lo-
calities where they are important, is estab-
lished. In addition, other behaviors, such as
predator avoidance, may be important in de-
termining desert heteromyid rodent commu-
nity structure.

PREDATOR AVOIDANCE BEHAVIOR

Heteromyids live in an environment rich in
potential predators (Hall and Kelson 1959).
Vorhies and Taylor (1922) list numerous
predators on D. spectabilis and note that, of
592 owl pellets they examined, 230 contained
kangaroo rat remains. One means of avoiding
predators is color crypticity, and Benson
(1933) shows that many rodents in the south-
western United States include substrate color
matching in their repertoire of predator
avoidance schemes.

Heteromyids seem to have a general
awareness of their surroundings and are very
sensitive to peculiar sounds and sights. Eisen-
berg (1963) notes that novel items in their
cage elicit attention, and occasionally dis-
placement behaviors such as digging. Hall
(1946) states that heteromyids are drawn at
night to newly disturbed areas (e.g., a boot
heel dragged in the soil surface), and many
investigators are familiar with kangaroo rats
burying traps under a pile of dirt. Some het-
eromyids are known to plug their burrows at
night (Chapman and Packard 1974; Compton
and Hedge 1943), and this may partially be a
response to potential predation.

As discussed in the section under activity
patterns, heteromyids seem to avoid environ-
mental conditions, such as bad weather or
bright moonlight, that might hamper their
ability to detect predators or make them
more obvious to predators. Apparently, both
hearing and sight are important components
of predator detection. Webster (1962) and
Webster and Webster (1971, 1972, 1980)
have documented the extremely accurate
hearing of kangaroo rats, especially for low-
frequency sounds, and they suggest that this
has developed in response to predator detec-
tion. Desert conditions may be poor for
sound transmission (hot and dry), and this
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would place pressure on the animals to devel-
op exceptional hearing. Another indication of
the excellent hearing in heteromyids is en-
larged auditory bullae, most notable in the
kangaroo rats. Not only is their hearing good,
but kangaroo rats have also developed espe-
cially acute reception at those frequencies of
sound made by a rattlesnake’s rattle and an
owl’s wing (Webster 1962). In other studies,
Webster and Webster (1971, 1972, 1980)
have shown that kangaroo rats can effective-
ly detect predators with either vision or hear-
ing, but if both senses are eliminated the rats
usually succumb to predators.

Bartholomew and Caswell (1951), Thomp-
son (1982a), and Hay and Fuller (1981) sug-
gest that the bipedal locomotion and rico-
chetal bounding of kangaroo rats might be
primarily an adaptation to predator avoid-
ance. Certainly the irregular hopping would
be distracting to a predator, and Eisenberg
(1975) notes that kangaroo rats immediately
hop away when a rattlesnake is nearby. Hay
and Fuller (1981) found that heteromyids are
more selective in their diet choice when they
forage in the open than when they forage in
the presumed relative safety of a shrub, and
the authors suggest that this selectivity may
be due to predator pressures in the open. The
opposite prediction, that of low selectivity in
the open, could be made if predator pressures
are high in the open areas. In this explana-
tion, heteromyids would move rapidly
through the open areas, gathering seeds in-
discriminantly into their pouches, making the
critical diet choices later in the relative
safety of their burrows (Reichman 1977,
1981).

SPACING, TERR]TOR]ES, AND AGGRESSION

For the most part, heteromyids are solitary
animals (Blair 1937, 1943, Dixon 1959, Schef-
fer 1938), living singly in their burrows (Eis-
enberg 1963 and Martin 1977 describe them
as ““asocial”). Monson and Kessler (1940)
found only 3 of 44 burrows with more than
one individual D. spectabalis, and Monson
(1943) found 41 of 53 mounds to be singly oc-
cupied. Several of the dual occupancy bur-
rows had two adults, but most were females
and their offspring. Some species are noted
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for having more than one burrow, and Chap-
man and Packard (1974) report that male D.
merriami average 6-7 burrows and females
have approximately 5 burrows each. Current
observations in the field by several in-
vestigators suggest that this may be more
common than is generally thought. Individ-
uals occupying more than one nest may ex-
plain why in some areas a large percentage
of burrows appear to be unoccupied. Schro-
der and Geluso (1975) found 42 of 121 D.
spectabilis mounds unoccupied. All mounds
combined showed a uniform spatial distribu-
tion, whether occupied or not.

Data on the home range size of hetero-
myids are scattered throughout the literature,
but one feature that seems to emerge is that
home ranges are not directly related to the
average body size for a species. Small pocket
mice frequently exhibit home ranges near the
size of larger species (Chew and Butterworth
1964), and Schroder (1979) reported a smaller
home range for D. spectabilis than D. mer-
riami. There are reports that males have
larger home ranges than females (Maza et al.
1973) and that the home ranges of male and
female kangaroo rats overlap extensively
(O’Farrell 1980). Holdenreid (1957) and
Flake and Jorgensen (1969) report no differ-
ence in dispersal rates between males and fe-
males in a population, although it is primari-
ly the juveniles that disperse. Recent work by
Tom Jones (see Munger, Bowers, and Jones,
this volume) suggests that individual kan-
garoo rats do not move far from their natal
burrow.

Although areas around a home burrow are
not as aggressively defended as are territories
of other mammals (Eisenberg 1981), hetero-
myids apparently do show some degree of
territoriality, as manifested by aggression and
possibly by scent marking, although the latter
proposition is unproven. Eisenberg (1963) de-
scribes various types of marking, including a
perineal drag, and suggests these are for terri-
torial identification. Borchett et al. (1976),
Griswold et al. (1977), Laine and Griswold
(1976), and Randall (1981a, b) present details
of sand bathing by kangaroo rats and suggest
that the odors produced may connote infor-
mation about the species, sex, and possibly
reproductive condition of the depositor.
Quay (1953) notes the sexual and seasonal
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characteristics of the dorsal gland in five spe-
cies of kangaroo rats, and discusses its pos-
sible role of scent marking.

Another behavior that may be related to
territorial pronouncements is drumming with
the hind feet. It is relatively easy to get an
adult D. spectabalis to respond with drum-
ming by tapping lightly on their mound. Eis-
enberg (1963) noted drumming in Di-
podomys, Perognathus, and Microdipodops
species in relation to aggression, and teeth
chattering in the same context. Kenagy
(1976b) observed drumming in the field dur-
ing a contest between male kangaroo rats,
eventually leading to copulation between one
of the males and a female.

Overt aggression between individual heter-
omyids may be rare, or simply rarely seen.
Eisenberg (1963) provides extensive informa-
tion of the types of aggressive interactions
generated in a laboratory setting, and excel-
lent descriptions of the modes of attack and
associated behaviors such as scratches and
growls. The general trend in Eisenberg’s lab-
oratory study, and those of Hoover et al.
(1977) and Blaustein and Risser (1974, 1976)
is for large individuals of one species to even-
tually win over smaller individuals of another
species, although the effort involved varied
greatly. Congdon (1974) notes a similar rela-
tionship in the field, and Vorhies and Taylor
(1922) describe fights in the laboratory be-
tween D. spectabalis and D. merriami that
are “savage and to the death.” I have video-
tapes of a kangaroo rat pouncing on a pocket
mouse at a rich pile of seeds. Conversely, I
have watched two separate D. merriami
chase adult D. spectabalis away from a forag-
ing area. Aggression can be related to the sex
and reproductive condition of the partici-
pants (Eisenberg 1963), and Kenagy (1976b)
provides an excellent description of aggres-
sion observed in the field between two males
courting a female.

Upon occasion, heteromyids will have ag-
gressive bouts with nonheteromyids. 1 have
observed kangaroo rats chase off Peromyscus
individuals at artificially placed seed piles,
and Shaw (1934) notes similar events. McCue
and Caufield (1979) report a grasshopper
mouse attacking and dismantling a kangaroo
rat in daylight hours.
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REPRODUCTION AND PARENTAL CARE

Desert heteromyids generally have one or
two litters a year. Females are usually in es-
trus for specific periods, but males may be
scrotal the entire year (Bradley and Mauer
1971, Reichman and Van De Graaff 1973).
Juvenile female kangaroo rats develop swol-
len vaginas at about six weeks and can con-
ceive at 12 weeks (Eisenberg 1963).

Observation of courtship and reproduction
are rare from the field, although Engstrom
and Dowler (1981) and Kenagy (1976b) pro-
vide interesting field observations. Daly et al.
(1980) note that D. agilis and D. merriami in
reproductive condition prefer traps that con-
tain conspecific odors, whereas non-
reproductive individuals show no preferences
between odorized and odor-neutral traps.
The preferences appear to be independent of
the sex of the donor and the recipient. Labo-
ratory studies suggest that near the onset of
estrus males become more tolerant of and in-
terested in females (Eisenberg 1963, Martin
1977). Prior to that, males and females can be
very aggressive toward each other (But-
terworth 1961), or live in the same arena
without aggression (Eisenberg and Isaac
1963). Eisenberg (1963) reports that, as the
time for copulation nears, a male and a fe-
male may share a common nest box for one
night, after which they return to their own
nest boxes and a peaceful coexistence.

A number of studies describe the cop-
ulatory behavior of various heteromyids
(Behrends 1981, Dewsbury 1972, Eisenberg
and Isaac 1963, Hayden et al. 1966), and Eis-
enberg (1963) describes an elaborate protocol
for reproductive behavior in the heteromyid
species he studied in the laboratory. Basi-
cally, there is some mutual attention in the
few minutes prior to copulation. Sub-
sequently, the male mounts the female from
the rear while she exhibits lordosis. After sev-
eral seconds to several minutes of thrusting
and presumably ejaculating, the male dis-
mounts and shows little interest in the fe-
male. In some cases, one or the other of the
sexes may rush the other, inciting another
copulatory bout. Hayden et al. (1966) re-
ported that some pairs fall on their sides dur-
ing copulation and continue to copulate in
this position.
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The gestation period is relatively short
(18-30 days; Butterworth 1961, Day et al.
1956, Holdenreid 1957) and is almost always
accompanied by nest building on the part of
the female (Eisenberg 1963). Eisenberg
(1963) reports that most births occur during
the day and, though mothers will eat any
dead neonates, no aggressive behavior is sub-
sequently demonstrated toward their surviv-
ing offspring. The young are born in a rela-
tively precocial state (Eisenberg 1963). At
the time of birth, the female may stand or lie
on her side, assisting the process with her
teeth and forepaws (Butterworth 1964, Eisen-
berg 1963). Subsequent to parturition, the fe-
male ingests the placenta. Van De Graaff
(1973) notes that the bone formation in the
extremities of kangaroo rats is greater than
for similarly aged pocket mouse embryos and
juveniles, which still have major limb com-
ponents made of cartilage. Eisenberg (1963)
notes that muscular coordination seems to de-
velop in the young from anterior to posterior.

Parental care is carried out entirely by the
female. She crouches to nurse the young, and
she will move them about the nest by car-
rying them in her teeth with a grasp behind
the neck (Eisenberg 1963, Tappe 1941). The
female may plug the entrance to the nest
chamber when she is not in the nest (Eisen-
berg 1963). As weaning approaches, the fe-
male will begin to ignore her young, eventu-
ally even shoving them away as they try to
nurse. As the siblings begin to leave the nest,
dominance hierarchies are already being es-
tablished (Eisenberg 1963). LeVick (1982)
does not find any ultrasonic communication
between mothers and their offspring in D. or-
dii, but both he and Eisenberg (1963) report a
broad range of audible sounds from infants
aged 2-14 days. Fourteen days corresponds
to the time the young begin to eat solid foods
and move from the nest (LeVick 1982).

Burrow CONSTRUCTION

An inverse relationship appears to exist be-
tween the size of a heteromyid species and
the amount of information on its burrows
that has been published. This could be be-
cause a similar relationship exists between
the complexity of the burrows and the size of
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the species. Generally, pocket mice have rel-
atively simple burrows and the largest kan-
garoo rats are known for their large, con-
spicuous, and complex mounds and burrow
systems.

Blair (1937) reports that the burrow of P.
hispidis is rather short and simple, with only
one entrance and one nest chamber. Scheffer
(1938) notes that the burrows of P. parvus are
also simple, but may include a hairpin turn
directly under the opening, and run to a
depth of 76 inches. Chapman and Packard
(1974) found that female P. merriami have
more complex burrows than males, and that
the adults frequently plug unused burrow
openings. Eisenberg (1963) found Micro-
dipodops burrows in loose sandy soil, and
other authors have noted the soil texture
where burrows are constructed (Anderson
and Allred 1964, Compton and Hedge 1943,
Deynes 1954, Tappe 1941, Vorhies and Tay-
lor 1922). In desert areas burrows are usually
obvious around the base of shrubs where
loose, windblown soil accumnulates, providing
a good location for burrow construction. Ke-
nagy (1973a) gives information of the con-
struction of the burrows of P. longimembris,
D. merriami, and D. microps in the field, and
Eisenberg (1963) gives details for several spe-
cies in the laboratory, including descriptions
of the actual digging behaviors.

The most extensive information about bur-
row construction is available for the large
species of kangaroo rats, including D. spec-
tabalis (Best 1972, Holdenreid 1957, Monson
1943, Monson and Kessler 1940, Vorhies and
Taylor 1922), D. venustus (Hawbreker 1940),
D. heermani (Tappe 1941), D. ingens (Shaw
1946), and D. nitratoides (Culbertson 1946,
Fitch 1948). Generally these large species
have mounds that are approximately two or
three meters in diameter and rise from one-
half meter to one meter above the ground.
Through the mound and down into the
ground pass numerous runways. Connected
to the runways are various nests and large,
flask-shaped caches where seeds are stored.
Some of the caches are walled off, but most
remain open. The mounds are constructed by
the rat kicking dirt with its hind legs up on
top of the existing structure. Through time,
the area surrounding the burrows is slightly
lowered by the excavation, and the mound is
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built higher. Best (1972) notes that it takes
from 23 to 30 months to build what would be
considered a mature mound. Mounds that are
left vacant begin to deteriorate noticably
within a month and are almost completely
gone within a year.

SENSORY ABILITIES

Although not much is known about the
sensory abilities of heteromyids, some in-
triguing work has been carried out with the
hearing ability of kangaroo rats. Heffner and
Masterson (1980), Webster (1962), and Web-
ster and Webster (1971, 1972, 1980) have
noted the impressive hearing ability of kan-
garoo rats across a broad range of frequencies
(1-60 KHz). Heffner and Masterson (1981)
also note that kangaroo rats are particularly
good at locating the origin of a sound, and
Webster (1962) details the hearing of kan-
garoo rats in relation to sounds made by
predators. I have noted while watching kan-
garoo rats in the field that they are startled
only by certain kinds of noises. All loud
noises get their attention, but metallic clicks
seem less disturbing than scratching noises
made by a boot in the dirt.

Pocket mice and kangaroo rats can appar-
ently smell seeds in the soil, even to great
depths (Lockard and Lockard 1971). Reich-
man and Oberstein (1977) show the relation-
ship between the ability of a kangaroo rat to
detect a seed patch and the size/depth of the
seeds and Reichman (1981) discusses olfaction
and seed detection ability. Although it is dif-
ficult to determine whether rodents cannot
smell an item or simply choose not to seek it,
it does appear that kangaroo rats have better
olfactory ability than do pocket mice. Daly
et al. (1980) noted that certain rodents, in-
cluding kangaroo rats, responded to odorized
traps, preferring them if the respondents
were in reproductive condition.

1 know of no studies on the vision of heter-
omyids, but it is pertinent to note that their
eyes are on top of their rounded heads, mak-
ing vision ventrally and forward somewhat
restricted.

PersoNAL CARE

Personal care seems to be accomplished by
two major behaviors. One is associated with
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autogrooming and washing, and another with
the care of the dorsal gland possessed by
many heteromyid species. Eisenberg (1963)
details the grooming sequences of various
heteromyid species. Grooming frequently oc-
curs shortly after awakening, and includes
scratching with the teeth and claws, combing
the fur and cheek pouches, and washing with
saliva. The animals also apparently bite off
any ectoparasites they can locate and reach
(Vorhies and Taylor 1922, found fleas of the
genera Ctenophthalium and Trombicula on
bannertailed kangaroo rats).

The presence of a dorsal gland on many
kangaroo rats has been noted for some time,
and Quay (1953) has investigated its struc-
ture. Kangaroo rats with active glands appar-
ently groom the secretions over their bodies
regularly (Griswold et al. 1977, Borchett et
al. 1976, Randall 1981a, b). Although some of
the secretion on the hair may assist in reduc-
ing evaporative water loss (Quay 1965) or
serve as insulation (Randall 1981a, b), too
much is apparently detrimental and is
groomed off, usually by sandbathing (Randall
1981a, b).

SUMMARY

In many ways the behavior of desert heter-
omyids is similar to what is known about
other nocturnal rodents. At the level of preci-
sion available from the current data, it ap-
pears that their basic ways of securing food,
courting and reproducing, and protecting
themselves from the environment and pred-
ators are much like those of other rodent
families (Eisenberg 1981). A few anatomical
and physiological specializations, however,
give the desert heteromyids some distinctive
behavioral capacities. Certainly one is the bi-
pedal locomotion used by kangaroo rats and
kangaroo mice. This is rare for small mam-
mals, and it apparently is not an especially
efficient means of locomotion for a small (i.e.,
low mass) animal (Biewener et al. 1981). Per-
haps bipedality simply provides a means of
rapid locomotion for moving through the
open to forage or avoid predators.

A second feature, possessed by all hetero-
myids, is cheek ponches. Pouches, used for
the temporary storage of seeds while forag-
ing, grossly alter the manner in which a
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rodent would forage. The pouches make
gathering food and eating food two different
events ecologically and allow the possessor to
quickly gather food while foraging before re-
turning to the relatively safe burrow where
appropriate dietary decisions can be made.
Pouches also allow the animals to gather
large quantities of seeds when they are avail-
able. The surplus seeds can then be stored
and used at a later date when resources are
perhaps less abundant, thus leading to elabo-
rate caching behaviors. Even the use of a
food resource such as seeds is adaptive in a
desert setting, as seeds are rich in energy and
nutrients and thus require less time spent in
the hostile above-ground environment, and
seeds persist in the soil through time.

A final specialization is in degree, not kind.
Heteromyids, and especially kangaroo rats,
have exceptionally good hearing, which ap-
parently serves them well in the desert where
sound may travel poorly. What is particu-
larly striking about their hearing is its appar-
ent fine tuning for the sounds made by two
major predators on the animals, rattlesnakes
and owls.

Several areas of heteromyid behavior re-
main poorly understood or controversial. Al-
though much is known about foraging behav-
ior, several important groups of heteromyids
(e.g., the kangaroo mice and the large kan-
garoo rat species) are underrepresented in
the literature. The ways in which differences
in foraging affect heteromyid rodent commu-
nity structure are currently being hotly de-
bated, as are body size relationships within
the family. Almost nothing is known about
the effects of predation on rodent behavior
and community structure, even though most
would agree that it is important. As tech-
niques for behavioral observation expand, we
can expect more of the important pieces to
the heteromyid puzzle to be fitted in.

We tend to think of the desert as being an
especially harsh environment, and for hu-
mans it is. As this chapter, and others in this
symposiuni, have shown, however, the desert
can be much more hospitable to an animal
that is adapted to its extremes. It seems safe
to assume that most of the behaviors exhib-
ited by desert heteromyids are in some gener-
al or specific way tied to the physical envi-
ronment in which they flourish.
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